Butyrylcholinesterase and the control of synaptic responses in acetylcholinesterase knockout mice.
At the neuromuscular junction (NMJ) acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) can hydrolyze acetylcholine (ACh). Released ACh quanta are known to diffuse rapidly across the narrow synaptic cleft and pairs of ACh molecules cooperate to open endplate channels. During their diffusion through the cleft, or after being released from muscle nicotinic ACh receptors (nAChRs), most ACh molecules are hydrolyzed by AChE highly concentrated at the NMJ. Advances in mouse genomics offered new approaches to assess the role of specific cholinesterases involved in synaptic transmission. AChE knockout mice (AChE-KO) provide a valuable tool for examining the complete abolition of AChE activity and the role of BChE. AChE-KO mice live to adulthood, and exhibit an increased sensitivity to BChE inhibitors, suggesting that BChE activity facilitated their survival and compensated for AChE function. Our results show that BChE is present at the endplate region of wild-type and AChE-KO mature muscles. The decay time constant of focally recorded miniature endplate currents was 1.04 +/- 0.06 ms in wild-type junctions and 5.4 ms +/- 0.3 ms in AChE-KO junctions, and remained unaffected by BChE-specific inhibitors, indicating that BChE is not limiting ACh duration on endplate nAChRs. Inhibition of BChE decreased evoked quantal ACh release in AChE-KO NMJs. This reduction in ACh release can explain the greatest sensitivity of AChE-KO mice to BChE inhibitors. BChE is known to be localized in perisynaptic Schwann cells, and our results strongly suggest that BChE's role at the NMJ is to protect nerve terminals from an excess of ACh.